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Abstract: CRISPR/Cas9 system, consisting of clustered regularly interspaced short palindromic repeats 
(CRISPR) and CRISPR-associated (Cas) proteins, is a prokaryotic immune system that confers resistance to        
foreign genetic elements such as those present within plasmids and phages.  A simple version of the CRISPR/      
Cas system, type II CRISPR, has been modified to edit genomes.  By delivering the Cas9 nuclease together with 
a synthetic guide RNA (sgRNA) into cells, genome can be edited at desired loci site.  CRISPR/Cas genome      
editing techniques have been widely implemented in various species and research areas.  In this review, we 
summarize the several applications of CRISPR/Cas9 in the field of drug discovery and development, which       
include target gene screening and editing, drug target screening and validation, generation of animal models       
and treatment of genetic disease, etc.  The defects and improvements of CRISPR/Cas9 technology is discussed 
as well. 
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1  CRISPR/Cas9?????????????
?????? CRISPR/Cas9 ????????
? 2013 ???????????, ???????
???????, ??????????????
?????CRISPR??????????????
????, Cas ? CRISPR ???????[5]???
1987 ?, ??????? K12 ?????????
??????????????????????
?[6], ???????????????, ????
??????????????, ?? 2002 ???
??[7]????????????????, 2005?, 
3 ?????????????????????
???????????[8−10], ?????????
???????????????????2007 ?, 
DANISCO????????????? CRISPR?
???????????????? (Streptococcus 
thermophilus) ????????[11]?2008 ?, Mar-
raffini?[12]???? CRISPR??????????
??, ??????????????? 
????????? Cas????, CRISPR/Cas
?????? 3?[13]: I??II?? III???? I?
? III ???, II ? CRISPR/Cas ?? (? CRISPR/    
Cas9 ??) ?????, ???????????
??????2012?, Wiedenheft?[14]??? II??
?????CRISPR/Cas9 ???? 3 ??????: 
CRISPR RNA (crRNA)????? crRNA (transacti-
vating crRNA, tracrRNA) ?Cas9??????crRNA
???????? tracrRNA ????????, ?
????? RNA (tracrRNA/crRNA), ??????
??? DNA??????????????? RNA
??????? NGG ??, ? PAM ??, ???
Cas ????????????????? DNA ?
?????[15]???? tracrRNA/crRNA ????, 
?????????????? sgRNA, ???
Cas9 ???????? Cas9 ?????? sgRNA
????? 
? Cas9 ??? DNA ?????, ??? DNA
???? (double strand break, DSB), ??????
DNA????????????? (non-homologous 
end joining, NHEJ) ??????????????
???????, ??????????????
??????, ??????????[16, 17]; ???
??? (homologous recombination, HR) ?????
????????????????, ??????
??????? [18]??? , ????????? , 
CRISPR/Cas9 ????????????????
?????[19] (? 1)? 
2  CRISPR/Cas9??????? 
CRISPR/Cas9 ???????????sgRNA
???????????????? pool ????
????????????????, ?????
? 2? 
??????????????, ?????
CDS (coding sequence) ?, ???????????
?, ???????????????????, ?
????????????, ?????????
???????????????????????
?????, ????????????????
?? (ATG) ??????????????, ??
???? 23?250 bp ?????????????
??, ???? sgRNA??, ??????????
sgRNA????? sgRNA scaffold backbone (BB) ?
??, ??? Cas9 ??????????????, 
?????????????, ?????????
????????????? 
?????????????, ??????
????????? sgRNA?Cas9 ???????
???????????????????????
?????? (plasmid donor template)?????
DNA?? (double-stranded DNA template) ????
???? (single-stranded donor oligonucleotides)??
?????????????????: ????
??????? 40 bp, ? 90 bp???; ?????
???? (lagging strand) ?????; ?????
????????, ???? PAM ??? 5' ???
BTKC481S ?????, ??????? sgRNA ??
????? 90 bp????, ???? 203 bp???, 
?? sgRNA?????????????? BamHI
????, ??????????, ?? 3??? 
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Figure 1  Schematic of the RNA-guided Cas9 nuclease and two types of double strand break (DSB)-induced repair mechanism 
 
 
Figure 2  Overview of experiments 
 
3  CRISPR/Cas9??????????? 
????????????????????
?, ????????????, ????????
???????????????????, ???
????????????(genetic knockout) ???
???, ??????????????????
????, ????????????(dose-response 
effects) ???, ???????????????
??????, ????????, ???????
?????RNA ???? (RNAi) ???????
????????????????, ?????
????????????????? mRNA, ?
???????? RNAi????????????
???????, ???????????????
CRISPR/Cas9???????????, ?????
??????????????????????? 
? 14 ? ???? Acta Pharmaceutica Sinica 2018, 53 (1): 11−20  
 
 
Figure 3  HDR donor-induced BTKC481S mutation 
 
??????????, ???????????
?????????????? 
3.1  CRISPR/Cas9 ?????????????  
??????????????, ???????
??????????????????????    
?????????????????????
CRISPR/Cas9 ???????????????
sgRNAs ???????, ??????????, 
????????????????, ?????
??????, ?????????????2013
?, ????????????????????
?????????????? sgRNAs??, ??
?????? sgRNAs ??????? Cas9 ???
???????????????????, ??
?????????? α ???????????
?????, ???? 27 ????????? 4 ?
?????????[20]? 
??????? RNA ?????, ?????
????????????????????? , 
???????????2014?, ????????
???[21]??????? CRISPR/Cas9 ?????
???????????????????? (?
4), ?????????, ???????????
??????????????, ???????
????????????, ??????????
????[22], ???????? RNA (pgRNA) ?? 
 
 
Figure 4  Schematic of lentiviral-delivered sgRNA library construction and functional screening[21] 
 ?  ??: CRISPR/Cas9????????????? ? 15 ? 
 
 
?, ?????????? pgRNA ? (? 5), ??
?????????????? Huh7.5OC ???
700 ????????????????? RNA 
(lncRNA) ??????????????? CRISPR/   
Cas9 ??????????????????
sgRNA???? pgRNA???, ????????
? DNA ????, ??????????????
?? DNA ????????, ?????????
??????????????????????
RNA??????, ???????????? 
2016??, Fulco?[23]??????? CRISPR/    
Cas ????????????????????
???????? 98 000 ? sgRNA ??????     
?? MYC ? GATA1 ???? 1.29 MB ??, ??    
??????? Cas9 ? KRAB ????????    
?????, ???????????? 2 ???
GATA1 ????????? 7 ??? MYC ???    
????????????? 18 000? sgRNA??
?????? vemurafenib??????? (CUL3?
NF1? NF2) ?? 100?????, ???????
?????????????????[24]????    
?????CRISPR/Cas9????????????
???? 
3.2  CRISPR/Cas9??????????????
??????????, ????????????
???????????????????????
?????, ????????????????
???????????????[25], ? rapamycin-    
TOR1??????????????[26]?? CRISPR/   
Cas9 ???????????????????, 
????????????[27]? 
2014?, Wang?[28]???? 73 000? sgRNA?
?????HL60?KBM7????????, ??
???? MSH2?MSH6?MLH1? PMS2??? 6-TG
???DNA??, ???? TOP2A??????? 
(etoposide) ??????, Shalem ?[29]?????
18 080?????? 64 751? sgRNA??????
???? CRISPR/Cas9 ?? (GeCKO) ??, ???
???????????????????????
?GeCKO??????????????????
????????, ?? A375 ?????????     
???????????????, ??????
NF1? MED12, ?????? NF2?CUL3?TADA2B
? TADA1???, ????? Smurnyy ?[25]??
CRISPR/Cas9 ????????????????
??? 6-TG-HPRT1? triptolide-ERCC3?????
???????, ??? CRISPR/Cas9??????
?????? KBM7???, ??????????
???????????????????Neggers
?[30]??? CRISPR/Cas9 ??????????? 
(homology-dorected repair, HDR) ????? T??
????? Jurkat??????? XPO1C528S???, 
?? selinexor (KPT-330) ???????????
??? XPO1?2017? 4?????????, ??
?????? CRISPR/Cas9??? iPSC?????
?????????, ???????? IRF5 ??
? IL-10RA ?????????????????
?, ????????????????????
???[31]? 
??, ?? CRISPR/Cas9 ?????????
??????????? (candidate genes) ? 5' ?
??????, ???????????????
?????????? (in-frame variants), ???
??????????????????????
??????????, ????????????
?[32]?????????????????, ?? 
 
 
Figure 5  pgRNA library design[22] 
? 16 ? ???? Acta Pharmaceutica Sinica 2018, 53 (1): 11−20  
 
??????? (null mutation), ????????
?????????????, ???????MLL-    
AF9/NrasG12D?????????? 192?????
????, ????? 6 ???????????
19 ????????, ?? CRISPR/Cas9 ????
?????????????????????? 
3.3  CRISPR/Cas9??????????????
???????????????????????
????????, ?????????????
??, ???????, ? CRISPR/Cas9?????
???????????????????????
??[33]??RNA????CRISPR/Cas9?????
?????, ?? DNA ??, ?????????
????????????, ?????????
?????????, ?????? CRISPR/Cas9
???????????????????[34]? B
??????????????????? CRISPR/    
Cas9 ??, ?????????????????
?????, ???????; ?????????
??, ????????2015? 12?, ??????
??? 3 ??? CRISPR/Cas9 ?????????
??[35−37]??? 3????, ??????????
????? (adeno-associated virus, AAV) ????
???????? (Dunchenne’s muscular dystrophy, 
DMD) ????????????? 23????, ?
????????????, ?????????
???????????????????????
??????????????????????? 
2015 ? 3 ?, ??????????????
??????????????? (human immu-
nodeficiency virus, HIV) ? sgRNA??, ?? Cas9
?????????HIV???DNA??????, 
???? 18%?72% ??????HIV????[38]?
?? 12 ?, ???????????? CRISPR/    
Cas9 ????????????, ???? HIV ?
?????????????? APOBEC3G ?
APOBEC3B, ??????? Vif??? HIV-1??
?, ???????? HIV-1 ????[39]?2016 ?     
3?, Kaminski?[40]???????? CRISPR/Cas9
??, ?????? HIV-1 ??? DNA, ????
??? HIV ????????? CD4+ T ????    
?, ???? HIV-1 DNA? T?????????
????????????????? HIV ???
?????? 
?????, CRISPR/Cas9 ????????    
?????????2015 ? 9 ?, Canver ?[41]??
CRISPR/Cas9 ????????????????
??? BCL11A??????, ?????????
??????? (HbF) ????, ??????? 
(HbA) ????, ? HbF ???????????
??2016 ? 11 ? 15 ?, Cyranoski[42]??????     
?????????????????? CRISPR
???????, ?????????? CRISPR/    
Cas9 ???? T ?????????? PD-1 ??, 
?????? T ????, ??????????, 
?????????????????????10
? 28?, ??????????????, ????
?????[43]???????? RGD-R8-PEG-HA
?????????, ????????????
??? MTH1 ??? CRISPR/Cas9 ?? RRPHC/    
Cas9-hMTH1??????????, ??????
??????, ???????????????
? CRISPR/Cas9 ????????????, ??
CRISPR/Cas9 ????????????????, 
????????????????? 
4  CRISPR/Cas9???????? 
?? CRISPR/Cas9 ???????????, 
???????????, ??????????
? PAM ???, Cas9 ??????????[44, 45], 
??????????????????????
???????????????????????
???????????, ???????????, 
?? CRISPR/Cas9 ?????????????
sgRNA ?????[46], ?? sgRNA ?????[47], 
?? FokI-Cas9????????? Cas9??????
??????? Cas9 ????[48], ???????
??????, ????????????????
CRISPR/Cas9 ??????, ?????????
???????????, ?????????? 
????????????????, ???
????????????????????? , 
????????????????  (indel)?
CRISPR/Cas9 ??????????? sgRNA ??
? Cas9 ??????????, ????????
?????????????, ?? 0.5%?20%, ?
????????? S?? G2?[49−51]??????
???????, ???? indel ???, ????
?Komor?[52]?Cas9????, ??????DNA
 ?  ??: CRISPR/Cas9????????????? ? 17 ? 
 
??, ???????? DNA ??????, ??
?Cas9?????? (??APOBEC1) ?????, 
?????? (C) ?????? (U)???, ???
??????????????????, ???
?????? U ??????????? G ??, 
????????, ?????????????
15%?75%, ???? 1%??????? indel? 
2016 ? 4 ?, ?????????????      
?[53]? CRISPR/Cas9 ????????????? 
(iPSCs), ??? dCas9 ?????? KRAB ???
??????????, ?? dCas9-KRAB ???
?????? AAV ?????, ??? iPSCs ??
? iPSCs?????, ?????????????
??? , ?????? CRISPRi (CRISPR interfe-
reence) ??? CRISPR/Cas9??????????
?????????????????[54]????
????Cas9 D10A??????????????
???????, ??????????????
??, ???????????????????
????????, ??????????????
CRISPR/Cas9 ????, ????????????
???? sOPTiKO/sOPTiKD, ?????????
????????????????????[55]? 
RNAi ??????????, CRISPR/Cas9 ?
????????????????????, ??
??????????, ???????????, 
????? 100% ??????????? CRISPR
? RNAi ??????????????????
????2015 ?, ????????????[56]?
? CRISPR/Cas9??? RNAi??, ???? 3??
??????????? mRNA-cap?Pitslre? CycT 
(???? RNGTT?CDK11 ? CCNT1)?????
CRISPR/Cas9????? TSC1? TSC2?????
?????, ?? RNAi????????????
??, ????? 3?????????TSC1/TSC2
???????????, ??????????
????, ????????? TSC2??????
???????, ?????????????, ?
??????????????????????
??2017?, Liu?[57]????? CRISPRi??, ?
???????????????? 7??????
?? 16 401 ? lncRNA ??, ?????? 499 ?
lncRNA ???????????, ??? lncRNA
??????????????, ???????
?????????? 
CRISPR ?????????????2016 ?, 
Pawluk ?[58]??? CRISPR/Cas9 ????????
(off-switches), ???? 3 ???????????
Cas9 ????????, ??????? CRISPR/    
Cas9 ????????????????????
????RNA?RNA??? (RNA-guided enzyme) 
C2c2, CRISPR/C2c2??????????????
??, ??????????????[59]???, ?
? CRISPR/C2c2 ?????????, C2c2 ???
DNA ?????? 7 nt ?????, ??????
???????? CRISPR/Cas?????????
?????[60]???, ???????? Cas9 ??
??????——Cpf1 ??CRISPR/Cpf1 ???
crRNA ?????????????? DNA, ??
??? RNA ????[61]???, CRISPR/Cpf1 ??
???????[62]???, Burstein?[63]?????
?????????????????, ????
???? II ? CRISPR/Cas9 ??, ???????
????? Cas9???????????? Cas? 
(CasX ? CasY)?? CRISPR/CasX ? CRISPR/CasY
????????????????????, ?
???????????????????????
?????????????? CRISPR ????
????? 
5  ??????
CRISPR?????????????????, 
???????????????????, ??
??????????????????? CRISPR/    
Cas9 ????????????????????
?, ????????????????????
?????????????????, ????
??????????????????????
?????????? CRISPR/Cas9 ??????
?????????????, ????????
?????????CRISPR/Cas9 ???????     
?????????, ?????????????
????  (Vertex) ? CRISPR ???? CRISPR 
Therapeutics ?? 4 ??????????????
????? CRISPR/Cas9 ??, ????????
??????????? 
CRISPR/Cas9 ??????????, ???
??????????????????????
???????????????????????
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?????????????  (HEFA) ???? , 
?????????? (IVF) ?????, ???
??????????????????, ???
?????????????????? 
???, ?? CRISPR/Cas9???????, ?
??????????, ???????????
??; ????, ????????, ??????
???????, ????????, ??????
?????? 
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